In the present study, 30 seeds of Vicia faba (2nϭ12) treated with 0.005% colchicine for 8 h produced 15 polyploids. The success of induction of polyploidy by this method was 50%, which is very high as compared to any other methods used so far in this species. Presoaking the seeds in distilled water for ϳ20 h proved more effective in inducing the polyploidy. Typical polyploid characters like gigantism, bigger leaves, flowers and pods etc. were exhibited by the induced colchitetraploids, however, they had reduced pollen fertility and number of seeds/pod and plant as compared to diploids. Polyploidy was confirmed by chromosome counts (2nϭ4xϭ24) at meiosis as well as at root tip mitosis. The method is easy and reliable for successful induction of polyploidy with colchicine in this species. We also recommend this method for induction of polyploids in other leguminous crops.
controls and colchitetraploids. The colchitetraploids were confirmed by growth rate, morphological characters, comparing the size of stomata and pollen grains as well as by cytological analysis. The colchitetraploids were numbered as VCT1, VCT2.... VCT15.
Results

Rate of Success:
Following the seed treatment method (0.005%, 8 h), 15 polyploids were produced. The rate of success was 50%. No seed germinated with 0.005% 24 h treatment.
Growth Rate: Typical slower rate of growth was observed in induced polyploids. While it took ϳ53 d for the first flowering in controls, it took ϳ92 d in induced polyploids. The flowering was delayed by ϳ40 d in colchiploids (Table 1) .
Cell size: The increase in cell size was reflected in the pronounced increase in the size of stomata and pollen grains of colchiploids . However, the number of stomata per unit area in the tetraploids was reduced as compared to controls (Figs. 1D, E, F) .
Morphology: The colchiploids showed significant gigantism, as they were bigger than their diploid counterparts. They had thick stems and dark green leaves, which were lengthier and broader than the diploids. The chlorophyll content of the induced colchitetraploids was also more than the control diploids (Table 1) . The flowers had dark spots on the wings, and persisted for ϳ2-3 d more on the plants as compared to diploids.
Pollen stainability, and Fertility: In the diploids, pollen stainability was 100%. In all the induced polyploids, the pollen stainability was less than 50% (Figs. 1A, B, C) . The pollen grains of the polyploids were triangular in shape whereas the pollen grains of diploid were ellipsoidal in shape. In some cases, more than 4 microspores of unequal sizes were formed in a tetrad. The size of pods and the seeds increased but the number decreased. The average number of seeds per pod/ plant also decreased (Table 1) .
Cytology (Meiosis)
Diploids: All the PMCs analyzed at diakinesis/metaphase I had 6 bivalents ( Fig. 2A ) which were of ring type. The chiasmata per cell ranged from 15-19 with mean being 17.00Ϯ1.58 out of which 9 were terminalized giving terminalization coefficient 0.52 (Table 3) . Anaphase I had normal distribution of chromosomes (6 : 6) (Fig. 2B ). Subsequent course of meiosis was normal, resulting in 100% of pollen fertility and good seed set. 
Colchitetraploids:
The cytology was typical as observed in most of the induced polyploids as can be seen from the Table 2 and 3. Different types of chromosomal associations were observed during meiotic diakinensis/ metaphase I in all colchiploids. In all the PMC's studied, very few showed all 12 bivalents, the range being 0-12 whereas quadrivalents were more frequent, the range being 0-6 (Figs. 2C-H). The anaphase I and II stages showed both equal (Figs. 2I, J, K) as well as unequal distribution of the chromosomes (Table 3) , laggards and bridges (Fig. 2J ). Multi-polar telophase II was observed in about 20% cells of all the induced tetraploids (Fig. 2L) .
Cytology (Mitosis)
The root tip chromosome count of diploid was 2nϭ12 while in colchitetraploid it was found to be 2nϭ4xϭ24 .
Seed set: Seed set was very poor in the induced polyploids as compared to the normal diploids. The number of pods per plant in the polyploids was reduced by about 16% as compared to the control diploids (Table 1) .
Discussion
In the present study, the seed treatment method of colchicinization for 8 h was successful as 50% of the colchicine treated seeds produced autotetraploid plants. Such high frequency of successful induction of colchitetraploids has not been reported so far in Vicia faba (Rybin 1939 , Dixit and Mehratra 1966, Poulsen and Martin 1977 , Bourgeois 1980 , Kravchenko 1996 . Since, in the present case, 24 h treatment completely failed, it affirmed that longer duration of colchicine treatment is not desirable. The colchitetraploids showed all the typical characteristic features of induced polyploidy. They were slower in growth initially, but later showed gigantism which is of economic importance with respect to high yield. The slower growth rate could be attributed to the reduced rate of cell division (Eigsti 1947) , smaller amounts of growth hormones present Pottorf 1945, Larsen and Mintung 1950) and lower rate of metabolic activities in the colchitetraploids. All the plants showed multivalent formation at diakinesis/metaphase I as has been observed in other induced poly- ploids also (Verma and Raina 1991a in Phlox drummondii, Verma and Raina 1991b in Crotalaria species). These multivalents may go on decreasing in the further generations, as the polyploids will slowly be established. The anaphase I of the polyploids also showed unequal distribution of the chromosomes, laggards and bridges. The reason for the unequal distribution of the chromosomes at anaphase I could be the higher number of multivalent formation at metaphase I and the irregular disjunction of these multivalents (Darlington 1965) . The multivalent formation could be due to large size of the chromosomes and higher chiasmata frequency. The univalents may also be causal factor for the origin of such abnormalities (Myers and Hill 1943) . This ultimately lead to lesser pollen fertility, which was less than 50% in all induced colchiploids. Therefore, a direct correlation may exist between multivalents at meiotic metaphase I and pollen fertility, in this case. Also, the involvement of some genetic and physiological factors cannot be ruled out (Magoon et al. 1963, Mehta and Swaminathan 1957) . In some cases, more than four microspores of unequal sizes were formed in a tetrad, which could be due to unequal distribution of chromosomes to more than four poles at telophase II. Sjödin (1970) also observed the same in the asynaptic mutants isolated by him, and suggested that this could be the result of laggards left behind during the first meiotic division. According to Lydia and Raja Rao (1982) abnormalities caused in polar determinants by colchicine during treatment in the early stages might have resulted in multipolar distribution of chromatin and production of extra microspores. In the present case, the bridges and laggards were common at anaphase I which might have resulted in the formation of pentads/hexads. Sharma (2002) also observed pentads, hexads, decades etc. in the induced polyploids of Phlox drummondii. That the polyploid chromosome number was inherited in the next generation was confirmed by the chromosome count (2nϭ4xϭ24) from the root tip mitosis in the seeds of induced polyploids.
As mentioned earlier, the present modified method of colchicinization could be used to produce high frequency of polyploids not only in Faba bean but also for other leguminous food crops where the duration of cell cycle is known.
